Abstract: This paper focuses on the design and analysis of a hybrid biomass-solar photovoltaic system for the textile industry with the goal of minimizing the cost and greenhouse gas emissions. The feasibility analysis of the hybrid system is performed based on the resource availability and the power generation potential of the existing biomass power plant near the textile plant at T.Kallupatti in Tamil Nadu, India. The power plant located at the site (9.66
Introduction
The day-by-day increasing energy consumption and the decreasing accessibility of conventional energy sources have led to a hike in the price of electricity. Hence, the principal aim of most of the countries in the world is to provide a reliable, cost-effective, environmentally friendly and affordable supply of electrical energy. Renewable energy (RE) sources like wind, solar, biomass, and fuel cells have been getting more prominent attention in the recent years. In India, solar, wind, and biomass are the most preferred renewable energy sources, particularly in Tamil Nadu, because of the availability of enormous resources [1, 2] . Tamil Nadu has reasonably high solar insolation (5.6-6.0 kWh/m 2 ) with around 300 clear sunny days in a year and has also announced its State Solar
Energy Policy with a target of 3000 MW up to year 2015 with the addition of 1000 MW capacity each year starting from 2013. The current availability of biomass of India is estimated to be 500 × 10 6 t per year. In Tamil Nadu, the estimated power generation potential from surplus biomass is 487 MW according to a districtlevel study carried out by Anna University and the Ministry of New and Renewable Energy Funding. There are 17 biomass power plants in the state, each with a capacity of 7-10 MW. Nearly 130 MW is contributed by independent biomass generators.
The average daily electricity requirement of Tamil Nadu is about 12,500 MW and the overall generation has reached a maximum of 11,500 MW due to the establishment of additional units of thermal plants and wind power plants. Still there exists an appreciable gap between generation and demand. Moreover frequent and unannounced power cuts affect the public and also industries in terms of turnovers. With the escalating cost of fuel prices and power shortages, industries are setting up their own captive power plants based on the availability of coal, diesel, or other fuels in that location. The Government of India has made it mandatory under the Electricity Act of 2003 to use 25% of power from RE sources. As the government is providing incentives for RE generation, industries are obliged to utilize those resources [3] and reduce greenhouse gas emissions as prescribed under the charter of the Corporate Responsibility for Environmental Protection.
For the past few years, much research has been conducted regarding standalone and grid-connected RE sources all over the world. The HOMER tool has been used to analyze a hybrid electric supply system (hydro/PV/wind) and to find the optimum sizing of components for a diesel-based RE system [4, 5] . Feasibility studies have been performed to foresee the suitability and cost-effective application of hybrid RE systems with energy storage technologies for a particular locality/region [6] [7] [8] . In India, biomass-based hybrid energy systems have been analyzed to offer a more financially viable solution for rural areas [9, 10] and the environmental impacts of the introduction of a biomass-based energy system have also been discussed [11] . Most of the literature concentrates on the electrification of households and rural areas, but industrial units have not been considered to cater to the socioeconomic development of the whole region. The carbon credits obtained by such RE systems are also not focused on. These factors are taken into account in the present study to bridge this gap.
The objective of this paper is to analyze the feasibility of using a biomass-solar hybrid system for a textile plant located 5 km away from the existing biomass project activity using the HOMER software tool. An economic evaluation of the solar-biomass hybrid system is performed based on the results of the biomass feedstock optimization using the Neural Network toolbox of MATLAB 2010a. The simulation results, economics of changeover to the hybrid system, and computation of carbon credit are presented in the subsequent sections. The biomass fuels used for the power generation are juliflora, bagasse, ground nut shell, paddy husk, plywood waste, and coconut fiber. In the absence of project activity, an equivalent amount of electricity would have been generated by the conventional power plants connected to the southern grid. These conventional power plants are based on fossil fuels and are more carbon-intensive. The project activity employs Rankine cycle technology for the power generation process. The technology involves direct combustion of biomass that takes place through a multifuel-fired boiler to generate a high-pressure and high-temperature steam. The details of the major equipment installed at AMBEML are listed in Table 1 . Table 2 . It is obvious that the average daily global horizontal irradiance is 4.86 kWh/m 2 . This means that there is enough solar potential and a considerable amount of solar energy can be obtained throughout the year. The monthly insolation data are fed as solar resource inputs into the HOMER tool for the feasibility study of the biomass plant at the chosen site. 
Potential of biomass resources
Agriculture is the prime occupation of the people living in T.Kallupatti. In this region, cotton is the major crop due to the presence of typical block cotton soil. Rice is also being cultivated in the region extensively, followed by groundnut cultivation. Juliflora, bagasse, ground nut shell, paddy husk, plywood waste, and coconut fiber are the fuels purchased at an average of $38.5-$42 per ton by AMBEML. The data of monthly average biomass feedstock consumption by the plant and electricity supplied to the grid in 2012 obtained from AMBEML are shown in Table 3 . The net annual electricity supplied to the grid is calculated to be 51,800.5 MWh.
Load profile of textile industry
The textile industry plays a significant role in the Indian economy by providing direct employment to an estimated 35 million people, thereby contributing 4% of GDP and 35% of gross export earnings. The textile sector contributes 14% of the manufacturing sector. Tamil Nadu is among the largest garment exporters in India and sometimes it is referred to as the textile valley of India. Due to the unscheduled power cuts in the state, textile factories face severe revenue loss. Hence, a textile mill has been chosen for the suitability analysis of the solar-biomass hybrid system. Vee Bee Yarn Textile Private Ltd. is a textile mill located 5 km from AMBEML, a few minutes' drive from the cultural capital of the state, Madurai. The mill was started with 14,000 spindles of capacity and has grown to produce 80,000 spindles with a total demand of 2200 kVA. It gets the required power from the Kunnathur Substation. The approximate load profile of the mill is given in Table 4 . Using the data in the table, the average daily load is scaled to be 49 MWh with 4 MW peak and is used as load input in the HOMER tool. Cone winding 100 0.8 6.
Compressor 100 0.78 7.
Lighting 100 1
Optimal hybrid system modelling using HOMER
HOMER is an optimization tool for hybrid RE systems developed by the National Renewable Energy Laboratory of the United States, which provides optimized results of the hybrid system by performing thousands of simulations based on input parameters like solar irradiation, fuel price, renewable energy fraction, and cost of the proposed hybrid system. HOMER requires technical inputs like solar power, biomass resources, etc., and economic inputs of RE source components. The average biomass feedstock availability of AMBEML and the purchase price per ton of the feedstock during 2012 are entered as biomass resource inputs in HOMER, as seen in Figure 3 . The model inputs and cost assumptions are listed in Table 5 . Three scenarios, i.e. grid-only, standalone biomass-solar hybrid, and grid connected biomass-solar hybrid system, are simulated and analyzed using HOMER. The schematic diagram enumerating the system components for each of the three cases is shown in Figure 4 .
Simulation and obtained results 2.5.1. Scenario 1: grid-only system
The grid-only system is the conventional electric power supply system for the textile mill. The system produces 17,702,504 kWh year −1 (100%) of the total electricity with a net present cost (NPC) of $18,556,392. However, CO 2 emissions are very high at about 15,047,128 kg/year for the grid-only system, as seen in Table 6 . The average monthly energy purchases from the grid for the given load profile are depicted in Figure 5 . 
Scenario 2: standalone biomass-solar hybrid system
As there is enough potential for biomass and solar power in the chosen area and subsidies are being provided by the government for promoting such renewable sources, the feasibility of the hybrid system is analyzed for meeting the demands of the textile mill. A 4 MW biomass power system has been modeled to supply the textile load and a diesel generator is utilized to meet the auxiliary power consumption of the boiler-turbine generator set. The biomass feedstock consumption and price per ton are given as resource inputs in HOMER. The approximate lighting load of the yarn mill is around 100 kW and hence the rating of the PV system is chosen as 100 kW. The aim of this scenario is to meet the utilization of electricity of the industrial processing plant with a biomass-solar hybrid system. Since the region is agriculture-prone area, feedstock is assumed to be available throughout the year. The system produces 21,204,572 kWh year −1 (99%) of the total electricity required with biomass fuel consumption of 56,666 t/year and 143,681 kWh year −1 (1%) of the total electricity with solar energy, resulting in a NPC of $37,415,384. From Table 6 , it is seen that the levelized cost of energy (LCOE) is $0.137/kWh. The CO 2 emissions are lowest in this case at about 103,434 kg/year and can be lowered to 30,834 kg/year if a diesel generator is not used.
Scenario 3: grid-connected biomass-solar hybrid system
The electrical energy production from the grid-connected solar and biomass generator is presented in Figure 6 . The cost and emission results of the scenarios are shown in Table 6 . It can be observed that the NPC of the grid-connected hybrid system is $35,843,284 and it is higher than that of the grid-only system due to the high feedstock rate of the biomass system and the investment cost involved in the PV-biomass system. The CO 2 emissions are higher in this case at about 5,465,770 kg/year because the conventional grid is used to meet the auxiliary consumption of the biomass system. With advancement in technology, the price can be reduced and renewables will become the trend of the future. 
Optimization of biomass feedstock using neural network
The average price of biomass fuel is around $38.5-$42 per ton and the fuel cost escalates year by year. Higher fuel cost is a barrier to the existence of biomass-based power projects. Hence, the optimal amount of fuel is to be used to reduce the costs incurred and to get maximum power output from the plant.
Using the data provided by AMBEML as depicted in Table 7 , optimization of the feedstock consumption is performed using the neural fitting tool of the Artificial Neural Network (ANN) toolbox in MATLAB 2010a. The nftool is a graphical user interface and is used to fit the practical biomass feedstock data. First, data consisting of 6 input vectors for the biomass fuel types and one target vector for the gross electricity generation are loaded as shown in Table 7 . A feedforward network is created [12] with a default tan-sigmoid transfer function in the hidden layer and linear transfer function in the output layer. Twenty neurons are used in one hidden layer. The network has one output neuron, because only one target value is associated with the input vectors. The network uses the default Levenberg-Marquardt algorithm for training as shown in Figure 7 . The application divides input vectors and target vectors into three sets as follows: 60% are used for training, 20% are used to validate that the network is generalizing and to stop training before overfitting, and the last 20% are used as a completely independent test of network generalization. The performance plot is shown in Figure 8 .
The network is trained with 18 data of biomass fuel consumed and the optimized results for the 4 MW power generation are obtained as displayed in Figure 9 . The optimized value of the 6 fuel types is found to be a total of 6951 t, which has been utilized for the economic evaluation of the hybrid system dealt with in the next section. The optimized value of the fuels obtained from the result is found to be very close to the quantity used by the plant operator as suggested by the management of AMBEML. 
Economic evaluation of solar-biomass hybrid system
As there is enough potential of solar energy and biomass in the T.Kallupatti region, the economic feasibility of the hybrid system is as follows: 4 MW biomass generation system and 100 kW PV system are considered here. Installation cost of 100 kW PV system = $205,539 (from Table 8 Through the hybrid energy system, per unit cost of generation is $0.04. However, through the conventional grid connection, per unit tariff for industries is a minimum of $0.085. Therefore, the generation cost of the hybrid renewable energy system is comparatively less than that of the conventional grid system and the hybrid system is appropriate for industries with potential resource availability.
Computation of carbon credit
The CO 2 emissions of the three scenarios analyzed in Section 2.4 are given in Figure 10 . This justifies that the standalone biomass-solar hybrid system is a sustainable energy option for the textile industry. The certified emission reductions (CERs) for the standalone biomass-solar hybrid system are computed in Table 9 . If the plant is a Clean Development Mechanism registered project activity, it can be seen from the table that the total earnings from the carbon saved is about 0.30 million dollars.
Conclusion
In this work, the feasibility of a PV/biomass hybrid system for a textile industry is analyzed based on the resource availability in an existing biomass project activity at Kadaneri near the industrial locality. The economic viability of the proposed hybrid system is evaluated using HOMER to determine the sustainable energy options for the industry in the T.Kallupatti region. The economics of solar-biomass hybrid power generation are presented with an example calculation. The following conclusions are drawn based on the results of the analysis: • Biomass is the promising key of the future for industries in agriculture-prone areas in India and the generation cost is less compared to the conventional energy system.
• CO 2 emissions are much lower with a standalone biomass-based RE system compared to that of the grid-based system.
• From the economic point of view, biomass-based electricity generation is cheaper compared to other generation options in the aspect of converting existing coal-fired cogeneration plants into biomass plants and high capital investment is required for new solar and wind installations.
The economic analysis shows that the grid-only system costs less than the hybrid biomass-solar system in the present scenario. In the future, with successful technological upgrades, the price of the PV-biomass system can be lowered and it will become the best renewable and sustainable energy option in India. With increasing diesel prices and specific power requirements year by year, and uncertain grid power availability, the proposed hybrid biomass-solar power system will become the inevitable generation option for textile factories located in regions where surplus biomass-solar resources exist.
